The Schwinger's representation of angular momentum(AM) relates two important fundamental models, that of AM and that of harmonic oscillator(HO). However, the representation offers only the relations of operators but not states. Here, by developing a graphic method to calculate the states, we show that the Schwinger's model is valid only with certain spin. With the relation of states, we also demonstrate how the superposition states in AM map to entangled states in HO.
I. INTRODUCTION
Schwinger's oscillator representation of AM [1] reveals connection between two important and fundamental mathematical models in physics -AM and HO. The three operators constructed from two pairs of boson creation and annihilation operators, which belongs to two uncoupled HOs, satisfies the algebra of AM. It has been carefully investigated [2, 3] and broadly used in the study of fundamental particles [4] , condensed matter [5] , atoms [6] and optics [7] . AM-like algebra occurs mainly in the property of single particle, while HO-like that of field theory, thus the representation also relates the theories of particles and fields. As is well known, control of single particle's spin is useful but challenging [8] [9] [10] , and HO-like systems [11] may provide to simulate the process and to certain extent replace it.
Superposition of states has been the core contents to quantum mechanics [12, 13] . Most new phenomena unique of quantum physics come from the uncertainty resulted from the superposition, for one physical quantity contains the possibility of two values and result of measurement is totally unpredictable. Meanwhile, entanglement [14] [15] [16] is one of the strangest behaviors in quantum physics, for it violates the law set in relativity and contains superluminal property. The relation between these two important concepts may reveal the essential of quantum physics.
In this Letter, we realize the oscillator model in finite AM number case, which we call the spin model case. It requires the eigenvectors of AM operator in x and z direction. We develop a graph, with careful definition of each element, to demonstrate the process of solving these eigenvectors. Then, the realizable spin number and state relation are obtained. Then we study possible modification to this state relation, and after it is proved to be the only possible relation, we show that the AM's superposition states is one case of HO's entangled states.
II. HO, AM, AND SCHWINGER'S REPRESENTATION
First, we review certain facts of HO and AM, and set up the symbols used through the paper. In the occupation number representation,
satisfies the algebra of AM operators, thus the connection of AM and HO ensures the correspondence of two sets of operators. However, as we would see later in this paper, calculation on the magnitude of eigenstates, especially that of the spin-x one, shows the relation is physically realizable only with certain spin numbers.
III. REPRESENTATION OF SPIN AM
We use |m, n = |m ⊗ |n for the eigenstates of two uncoupled HOs, while |m and |m are their own ones. Subsequently changed the operators, a → a ⊗ I, b → I ⊗ b. The spin-z eigenstates are 2 (m − n) |m, n , when m − n = 1, −1, correspondingly spin up and down. Then we calculate the spin-x eigenstates, in which we still requires J x |x = ± 2 |x .
After substituting |x with the superposition of spin-z eigenstates,
C kl |k, l , which equals to,
To demonstrate what this equation mean, we develop a graph in which the function of Thus, the remaining selectable states are just the first band in the upper left.
The calculation for spin 1 2 particle of magnitude of |z 's in |x shows the up and down states for spin-x is |x, ± = 1/ √ 2 (|z, + ± |z, − ). However, calculation for the spin 1 and magnitude of states, from the lower left to the upper left would be C n,0 , C n−1,1 ...C 1,n−1 , C 0,n .
Through operation of a † b+b † a, it should keep unchanged due to its eigenvector characteristic.
With the graph, the process of operation is equivalent to C n,0 = C n−1,1 , C n−1,1 = C n,0 + C n−2,2 , ... and also C 0,n = C 1,n−1 , C 1,n−1 = C 0,n + C 2,n−2 , .... The magnitude of states then reduce to C n,0 , C n,0 , 0, −C n,0 , −C n,0 , 0, C n,0 , ...
with both a period of 6. The only situation in which the magnitude are not all zero is when 0 from the two sides coincide, which gives
in which spin with half-integer or integer equals to n an even or odd number.
This is a test of whether the spin-
state in spin-x representation could be realized in a system with spin-
, n = 1, 2, 3, .... Since the particle with an integer spin would not acquire it, we now come to study the spin-1 case. A similar series C n,0 , 2C n,0 , 3C n,0 , 4C n,0 , ... shows that the magnitude should all be 0. Thus an integer spin number could not be realized.
If we study further, an identical phenomenon would make spin 3 2 impossible. Actually, the only realizable spin-x case is the spin-half state for
and a full representation of quantum system, or in other words, a complete modeling would only occur for spin-half particles like nucleons [4] .
V. UNIQUENESS OF COMMUTATION RELATION
The ladder operators of AM satisfy [J + , J − ] = 2 J z and [J z , J ± ] = ± J ± . In the following, we set = 1. The new commutator assumed is Thus it is meaningless to generally talk about operator relation without state relation when it comes to certain spin number.
Moreover, the two HOs are completely not uncoupled. Instead, they are entangled. We have also proved that the entanglement is inevitable, for the commutation relation is proved unique. The superposition in AM is at least one kind of entanglement in HO, and whether they are equivalent need further discussion.
In summary, we studied the state relation in the HO model of AM. By using a method based on graph, we visualized the realization process from HO states to AM states, and . It is also potentially useful to quantum computation, since the broadly used electrons could be modeled with bosonic systems. For the connection between AM's superposed states and HO's entangled states, it needs further study whether in general systems there is a relation.
